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PLASMA ATTENUATION OF ENDOTOXIN TOXICITY IN
IRRADIATED AND TUMOR-BEARING MICE

R. 1. WALKER.1 K. DFM.-`.RCO.-2 G. D. Ltt\NE\
2 and E. D. EXt.,t-i

'Naval Me.iyil Reseiar•h Ins I::- .',. MiD •014. L.S.A.. and
'Experimental Hematology Department,

Armed Forces Radiobiology Research Institute. Bethesda. %1D 21II4. '.S.A

(A. cepted /Or puhhbli an I Jul 19h 1

R. I. W ._Kiw- K. Di-M stRoil.G. D. Lt|)NiN and E. D. Em%. vi Plasma attenuation ofendotoxin toxtcii,
in irradiated and tumor-bearing mice. [o0A'oii 19. 857 N61. 19,1 We tested the hpothe-.is that
citrated plasma from normal or irradiated mice and from normal rabbits can protect mice against
endotoxin-induced lethality. In contrast to saline endotoxi nmixtures. challenge Lp. with i.3 mg of
Salmonella typhi endotoxin mixed with I ml of plasma trom etther normal or irradiated donors was
not lethal for B6CBFI mice irradiated 7 da~s previously with I(Wrads ['"Co•. In other experinsents
unirradiated mice were simultaneously inoculated i.p with 0.8 mg of endotoxin and I ml ofa line or
normal rabbit plasma. This plasma also protected recipient animals challenged with endotoxin.
Furthermore, rabbit plasma protected C57BL 6 mice whose sensiti'.t, to 1.3 mg of endotoxin was
enhanced due to implantation of the animals with a 3LL carcinoma 3 days presiousl.. The esidence
thus obtained confirms the hypothesis that plasma interferes with the lethal effects of the endotoxin.

INTRODUCTION

THE ENDOTOXIN component of the cell walls of gram-negative bacteria, when introduced into
a susceptible animal, can elicit an inflammatory response that can be destructive, but may
also elicit a reaction that is relatively benign and, in some cases, beneficial. For example. the
injection of small amounts of endotoxin can increase resistance of an animal to a variety of
micro-organisms (CANIPBLI.L and WHITI. 1976: WALKER et al.. 1976: TIZ.xRI) and RI\t.II-
BERG, 1975), as well as induce regression of malignant tissue (CARSWI\I. et al.. 1975) and
regeneration of damaged liver (ROSSOLuI et al., 1976). The potential therapeutic benefits of
endotoxin have led to numerous attempts to modify the structure of the compound so that
beneficial effects are retained and detrimental aspects are eliminated (PRIGAL et al.. 1973:
GALLEY et al., 1975: SNYDER et al., 1978). Recent studies of the host response to challenges
with endotoxin have led to a better understanding of the normal process of endotoxin
detoxification. Plasma components can modify or degrade endotoxin with reduction of
toxicity (SKARNES and ROSEN, 1971 ; FUst and FoRtS. 1974: JOHNSON et al., 1977: ULEVITC•H

and JOHNSTON, 1978). These plasma-endotoxin interactions may be important to survival
because plasma from endotoxin-resistant C3H/HeJ mice is rich in detoxifying substances
(SULTZER and GOODMAN• 1977). Furthermore, dogs can be protected against death from
endotoxin by prior administration of dog plasma containing adequate amounts of an
unidentified heat-labile substance (WALKER et al., 1980a). In this study we tested the
hypothesis that plasma from normal mice and rabbits can be used to attenuate endotoxin in
vivo in mice with altered resistance to the toxin.
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R.I. WAL.KER,K. DEMAR('O.( D)I EIN) .m ad E. 1) EXUIM

MA I FRIA[ S AND) MET HODS

(CS 7B 6, C'BA) I-I ('urn B R (hencefo rthI desinkma Ted BtiCB II I femnale mice an d C'5 7 BL 6 BR fe male mice w ere
obta iined fro nt Cumber lan d V'i" I- ar ms. (initon. I N Vhes Aere ITou sed for a period of 2Lweks in grou ps of 15
an imIal1, in qua ran mI ne facit I II untIlI a randcomn sa mple wais found to be free of h isto logic lesio ns fco,,m iinoin munne
diseasesand until! sterile water bottle cultures of all animals %&ere free of Pseudomwn,on.. The mice "ere 17' 19 weeks
old when used. At all times, the mice w~ere kept on a 6 a~m. (light) to 6 pin. (dark Icycle in tilter-cosered cages. Was. ne
Ilab-Blox diet was prosided throughout (he quarantineand experimental time periods. Chlorinated 112 ppm),A5.iter
"was prosided after the quarantine periods. Aduli 13 4 kgi male Ness Zealand white rabbits obtianed from local
suppliers and maintained under a seterinarimits superis ison "ere used as plasma donors.

Ri i trw

Mfice were placed in Plexiglas restrainmers and exposed bilateral].\ to ll(X)radls whole bodN gamnma irradiation
WSrads mint with opposingr ["Col sources [his treatment causescdeath in Wf)" ,of theanimals in approximately
14 da ýs.

T he Lew is Lung 3 [. 1. icarcinomra Awas pro% ided bt the Na tional Cancer I nstitrute. Na tional I nsti tutes of Health.
Bethesda. MID, in its 80th s.c. passage in m.1le ('5'7BI 6 mice. The t umor cells used in the ex peri Mentis reported here
were from theil It 13th passage main tained in male C57BL. 6 mie at this institute. The methods for tumor cell
preparations and s.c. injections \&ere pre\ iousIN described I[,I i)Nt )~ et al.. 19811.

Etil 'toxin
Salinwtella rip/ti Lipopok'saccharide W (Difco. Detroit. Mitch.) Iwas used for all experimentis. This endotoxin was

suspended in stenile phmsiologic saline to a concentration of I mg. Ml. placed into lin! vials and stored at -201C
utntil used.

Pimsnti
Rabbits and mice were anesthetized with metofane (methoxvilurane. Pitman-Moore Inc.). Rabbit blood "a,

drawnt front the heart through ait IS gauge hypodermic needle tinto a siringe with 15",, acid citrate dextros.e
solution. Mouse blood was collected from the brachial arters. "The blood 'was centrifuged at I 5(Og for 11 tmin at
room temperature ito obtain clear plasma, which was then stored in 10 ml %ials at -211 ('until used. Prior to use. the
plasma w as thawked at roomi temperature atid recen trifuged at Ir5(X) g for Ill mitt at room temperature to retnow
crsoprecipitates Platelet-rich plasmia was obtained by centrifuging whole blood at 150lg for 1ini) at roomn
temperature and removing the supernatant from the cell pack.

RESULTS

PlISMtsn etdo toxinl fnixturex fit irradiated inic e
B36CBF I mice were challenged i.p. with a freshly prepared mixture of 0.3 ml (0.3 mg) of

endotoxin and I Ml of saline 7 days after irradiation, Eighty-five percent of these animals died

T xiii 1 . St Rx x.%s Of i 11. 1(~ HAI II VtJi Dii WITH ENO)1 viiviN ANi) TRt Alit) wITH 1,i0i SiI ORt

RABBITt Pt AWSA

",,Mortality
Experiment Treatment* No. of mice in 48 hr

I t Saline .34 85
Platelet-rich plasma from normal mice 28 21
Plasma from notrmal mice 45 18
Plasma from irradiated mice 201 20

2+ Saline 14 64
Plasma from normal rabbit 301 20)

Endotoxin and saline or plasma were mixed immediately prior to i~p. injection in Expi
1. but injected separately in Expi 2.

tMice received 0.3mg Samlmonella tmphit endotoxin 7 days after ltX01rads [N5 Co]
irradiation.

Unirradiated mice received 0.8 mg endotoxin.
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Fich group .onained II) animals %%hi~h \%ere obir~ed for "2hr after challenge wlth endolo.in

within 48 hr after challenge (Table I). This mortalit' was reduced significantly when platelet-
rich plasma from normal mice was substituted for saline. Comparable protection was also
achieved with cell-free plasma obtained from normal or irradiated mice iJable I ).

S'se of rabbit plasma to protect normal mice
Experiments were conducted to determine if plasma from rabbits, a more convenient

blood donor, could be substituted for mouse plasma for further studies in mice (Table 1I.
Unirradiated B6CBFI mice were challenged with 0.8 mg of endotoxin. followed immediatelh
by treatment with I ml of saline or rabbit plasma. This procedure was used to prevent
differences in time of preincubation of endotoxin and plasma prior to interaction with the
host. The larger amount of toxin was used because the mice had not been irradiated. With
this approach. 80", (24130) of the mice treated with normal rabbit plasma survived the
challenge with endotoxin. as compared to 36",, (5.14) of the mice administered saline with the
endotoxin challenge.

Plasma treatment lj tum•or hearing 'nice
C57BL/6 mice engrafted with tumor cells were inoculated with saline or rabbit plasma

(1.3ml) or I ml of saline or plasma and 0.3ml (0.3mg) of endotoxin. Mortality was
determined over a 48 hr period. These challenges were administered to mice on days 3. 7 or 14
after transplantation with tumor cells. These days were selected because previous work
(WAtLK•R et al., 1980b) demonstrated that increased sensitivity to challenge with 0.3 mg of
endotoxin, for some unknown reason, occurred at days 3 and 14 after transplantation, but
not at day 7. Treatment with plasma reduced the incidence of mortality, as compared to that
noted for mice injected with saline and endotoxin at 3 days. but not at 14 days after
transplantation (Fig. 1). Few deaths occurred in either saline- or plasma-treated mice
challenged with endotoxin at 7 days after tumor engraftment.

DISCUSSION

Previously. DAs et al. (1974)showed that platelet-rich plasma protected rats against
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cidoilox in. bitt our daa ind ica te that platelets wAcic [1ot necessar.% fo the protection of mice.
The nature of the protective factor(s) acti,.e in our study is unkno%%n. but numerous such
factors base been described (SKARNI S and Rot s\, 1971 :Ft s i and (-ORi. 1974 'Li it (,tn
and JOHNsioN. 1978). Plasma maN act on toxin structure. rather than host ph~siolo)LN. to
increase resistance. [This concept is consistent %kith the interspecies plasmra' protection
obsewrsed. It is also noteworthy that both plasma and Zn~il, retard hepatosplenic uptake of
endotoxin injected into the peritoneal casttv (W..st Kt Rett 41l.. 1978 1.but onl% plasma protects
irradiated mice from enidotoxin-induced lethality.

Plasma protection of animals made sensitive to endlotoxin in tsx o different ss ass
(radiation and tumnor indicates that protection is probablN not due to replacement of a
factor lost in the sensitized animal. In fact, plasma from irradiated mice sas just as useful as
normal plasma in reducing mortality in recipient animals (T able I )

Plasma treatment did not reduce mortality following endotoxin treatment at 14 days
following. engraftment. Since this treatment protected mice sensitized to endotoxin at other
time intervals, it A ould seem likely that it is not the endotoxin per se that was responsible for
mortality at 14 days. It has been reported that breakdown products of malignant tissue hawe
toxic effects oin the host (H AVAS et (IL. 1960).

41. kiti ... 'el,cnentrs this work \%as supporied iii pant b% the Nasal Medical Research and Deelo1pmTen1
Comnmand. Research Work Uniii No. iF i152401t3.t1030. and bt the Armed Forces Radiobioloes Research Institiute.
Deteni s Nuclear AgencN . Work Uniti. MI JW0 I-~i~vte opinions and assertions coniained herein are the pri a ie ones
oif the auihors and are not to be consirued as official or reflecting the %iews of the Na% % Departmeni. ihe nasal sersice
at large or the Defense Nuclear Agency. The experiments conducted herein w~ere conducied according to ihe
pr inicples sei fortih in i le ( uide for i he (Care and U se ol [abora mort An i noIas. tInstituintes of Laborator% Resource,,
National Research Council. DIIEW. Pub. No. INILI 1 78-23.
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